A variety of 2-hydroxy aldehydes on reaction with 3-butenoic acid afford in a one-pot reaction the corresponding 3-vinylcoumarins. As expected, extension of the delocalized π-electron system accomplished by Heck coupling reactions with aryl halides results in an increased fluorescence of the compounds whose applicability is yet to be established.
a study that has assumed great importance in the past decade.
11 Many articles dealing with their synthesis, reactivity, and spectral profile studies have been published. In particular, it seems that the presence of an aryl or heteroaryl moiety on the 3-position of the coumarinic system induces specific activities. 12 We have recently reported a particularly useful, easy, and concise synthesis of diversified 3-aryl coumarins using Heck coupling reactions between coumarin and aryl halides. 13 A major issue in expanding the applications of coumarin derivatives is related to their color spectrum and intensity of their spectroscopic bands. One solution arises from increasing the delocalization of the conjugated π-electron system which will allow us to obtain derivatives of coumarin with absorption bands to longer wavelengths and with greater intensity. One can anticipate that the extension of the π-delocalized system will lead to compounds showing more promising fluorescent behavior. This would imply a greater challenge, the introduction of an unsaturated fragment between the coumarin ring and the aromatic group attached to the 3-position. This was observed by B€ auerle 14 and Bochkov 15 on screening for fluorescent dyes. The introduction of a double bond at the 3-position required for the Heck reaction could be foreseen by (1) formylation of the coumarin ring and (2) olefination by Wittig reaction but was revealed to be impracticable. The first report 16 on the synthesis of 3-vinylcoumarin was a multistep sequence. A more versatile synthesis of 3-alkenylcoumarins was achieved by a variety of 2-acyl-, 2-aroyl-, and 2-formylsubstituted phenols on reaction with R,β-unsaturated carboxylic acid chlorides. 17 Here we report a more expeditious synthesis of 3-vinyl and 3-styryl coumarin fluorescent dyes from readily available substrates.
When 3-butenoic acid was allowed to react with N, N 0 -dicyclohexylcarbodiimide (DCC) the corresponding intermediate was then coupled to salicylaldehyde in the presence of 4-N,N 0 -dimethylaminopyridine (DMAP) to give 2-formylaryl but-3-enoate (1a). 18 Compound 1a could be converted into the 3-vinyl coumarin 16 (2a) in good to moderate yields under treatment with potassium tert-butoxide (Scheme 1, pathway B). However, when treated in situ with cesium carbonate, 1a afforded 2a in a one-pot reaction which allowed us to increase the scale and the yield without suffering isomerization of the double bond (Scheme 1, pathway A). Indeed, when performing the reaction at a larger scale, 1a suffers a predictable rearrangement to compound 3a as a result of migration of the double bond to a more stable position. γ-Deprotonation of 3a was easily accomplished on treatment with potassium carbonate, and 2a was obtained in a satisfying yield (Scheme 1 , pathway C). 17 Although considered labile intermediates in literature, 16 we were able to isolate the vinyl coumarins in good yields. Reaction conditions and yields are presented in Table 1 . As expected, the one-pot reaction (pathway A) gave better yields of coumarins when compared with other routes that involved isolation of intermediate 1 (pathway B) or 3 (pathway C). For the synthesis of 2e we started with 2,4-dihydroxybenzaldehyde and the reagents were doubled due to the two acylating positions. The yield of compound 2e is very low due to the fact that compounds 1e and 3e 0 can be formed owing to the isomerization of the double bond. As a consequence, isomer 2e 0 (27%) actually predominates over 2e (6%). The extension of the π-electron system was simply achieved using the Heck palladium cross-coupling reactions between aryl iodides or bromides and the 3-vinyl coumarins previously synthesized. By varying R 2 or/and R 3 (Table 2 ) a structural diversity of compounds could be synthesized by a straightforward method.
As expected, iodo halides gave better yields than bromo halides (Table 2 , entry 1 vs 3, 7 vs 8, and 9 vs 10) which reflects the stronger polarization of the CÀI bond in relation to CÀBr. The presence of a p-nitro group on the aryl halide makes the covalent bond between the aryl moiety and the bromine stronger. As a result there is a decrease in the yield (Table 2 , entry 8 vs 13 and 10 vs 14). Changing the reaction conditions (catalyst, base, temperature) revealed that the system coumarin (1.0 equiv)/PhI (1.2 equiv)/ Pd(OAc) 2 (0.2 equiv)/PPh 3 (0.8 equiv)/CH 3 CO 2 Na (1.1 equiv)/DMF/80°C was the most efficient to furnish the desired 3-styryl coumarin.
The fluorescence of coumarins is strongly dependent on the electron-donating or -withdrawing ability of the substituents. Absorption and emission properties of the synthesized coumarins as well as fluorescence quantum yields (Φ F ) and average fluorescence decay lifetimes (τ m ) are summarized in Table 3 (more details in Supporting Information). Absorption maxima reveal that the more conjugated styryl derivatives are all red-shifted when compared with the respective vinyl derivatives. It is also clear, in both the vinyl and styryl families, that introduction of a Reaction conditions: to a solution of 3-vinylcoumarin (40 mg, 0.23 mmol, 1 equiv) in DMF (3 mL) at 80°C were added the palladium acetate (10.4 mg, 0.046 mmol, 0.2 equiv), base (0.26 mmol, 1.1 equiv), triphenylphosphine (48 mg, 0.186 mmol, 0.8 equiv) , and aryl halide (28 mmol, 1.2 equiv).
electron donor groups to position 7 and/or electron-withdrawing groups to position 3 lead to red-shifted maxima corresponding to more conjugated systems with stronger charge transfer character. A comparative analysis of the values in Table 3 reveals that the nature of the substituent in the coumarin core affects the fluorescence of these compounds. Based on substitution at position 3 of the benzopyrone ring, these compounds can be divided into two series, one bearing a vinyl substituent at position 3, and the other, with a more extended π system, bearing a styryl group. Except for the nonsubstituted compounds (2a and 4a) all of the styryl coumarins exhibit a lower fluorescence quantum yield than their vinyl counterparts. These results are corroborated by measuring the fluorescence decay times of these compounds, with the 3-styryl derivatives having slightly shorter average decay times than the 3-vinyl derivatives. These data suggest that the introduction of an extra phenyl group in the system opens a new nonradiative deactivation pathway. CisÀtrans isomerization is a reasonable hypothesis, and it is supported by previous reports. 15, 21 The unpredictably low fluorescence quantum yield of 2a, which cannot undergo cisÀtrans isomerization, can be explained by its high photoreactivity (φ ≈ 0.20 at λ irr = 313 nm; see Supporting Information). This behavior is not exhibited by any of the other 3-vinyl coumarin derivatives, suggesting that the addition of an electron-donating or -withdrawing group at position 7, as well as the presence of a styryl group at position 3, deactivates this photoreaction. Furthermore, the introduction of a p-nitro group in the 3-styryl moiety leads to considerable changes in the fluorescence properties of coumarin derivatives (4e, 4f, 4g). In the case of coumarin 4g, Φ F and τ m are especially low and short, respectively, and the emission maximum occurs above 800 nm (above our instrumental resolution), due to the charge transfer coupling between the electron-donating NEt 2 group and electron-withdrawing NO 2 group.
22
With the objective to increase the delocalization of the π-electron system, new vinyl and styryl coumarin derivatives with potential applications, such as fluorescent chemosensors, were developed by a simple and efficient synthetic strategy involving two simple steps. Applicability is yet to be established.
